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(57) Abstract 

A method for reducing the resistivity of a copper layer on a 
wafer. A moisture containing seed layer of copper is formed over a 
layer of material on a wafer. The copper seed layer is treated by either 
heat or ions from a plasma to anneal out moisture thereby reducing 
its resistivity and improving its adhesion to the underlying layer.^ A 
moisture free copper layer is then deposited on top of the "clean" or 

treated copper seed layer. 3 fj C D i. H 
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A METHOD FOR TREATING A DEPOSITED FILM 
FOR RESISTIVITY REDUCTION 

5 BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention is directed toward the field of 
manufacturing integrated circuits. The invention is more 
10 particularly directed toward treating deposited thin films 
that form integrated circuits to improve their electrical 
characteristics . 

Description of the Related Art 

15 Presently, aluminum is widely employed in integrated 

circuits as an interconnect, such as plugs and wires. 
However, higher device densities, faster operating 
frequencies, and larger die sizes have created a need for a 
metal with lower resistivity than aluminum to be used in 

20 interconnect structures. The lower resistivity of copper 
makes it an attractive candidate for replacing aluminum. 
One challenge in employing copper instead of aluminiom is the 
fact that copper does not adhere well to materials , such as 
titanium nitride, that are presently being used as diffusion 

25 barriers beneath the copper. Diffusion barriers are 

deposited between layers of the devices to prevent cross- 
contaiaination. For example, material from a conducting 
layer can migrate into neighboring insulating layers thereby 
compromising the intended insulative characteristic. Such a 

30 condition can lead to shorting or performance degradation of 
the device. Poor adhesion of the copper to a diffusion 
barrier results in portions of the copper being undesirably 
peeled away during polishing. This condition can also 
render an integrated circuit defective. 

3 5 One solution to improve the adhesion of copper to an 

underlying diffusion barrier ;is to divide the process for 
depositing copper into two steps. During a first step, 
physical vapor deposition (PVD) is performed to deposit a 
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seed layer of copper. PVD is a well established technique 
for depositing material to create thin films. Once the seed 
layer of copper is deposited using PVD, a bulk layer of 
copper, is deposited. The bulk layer is deposited by either 
5 standard chemical vapor deposition (CVD) or electrical 
plating. The bulk layer of copper adheres relatively well 
to the copper seed layer. 

Unfortunately, the use of the PVD process results in 
poor step coverage, which is unacceptable for devices, that 

10 have a high aspect ratio (the ratio of the depth of a 
feature to its cross sectional width on the substrate 
surface) . Further, the PVD process cannot be accomplished 
in the same chamber as either chemical vapor deposition or 
electrical plating. The need to have both a PVD chamber and 

15 either a CVD or electrical plating chamber increases 
integrated circuit manufacturing costs and reduces 
throughput (the number of substrates processed per \init of 
time) . Alternately, adhesion can be improved by treatment 
of the seed layer by bombardment with ions prior to bulk 

2 0 deposition of CVD copper. However such thin films have an 
undesirably high electrical resistivity. Therefore, it is 
therefore desirable to employ chemical vapor deposition, for 
depositing both the seed and bulk layers, because CVD 
provides for a more conf ormal layer of copper . 

2 5 The chemical vapor deposition of copper presents a 

further challenge. The challenge ari&es from a byproduct 
that is produced during the deposition of the copper. In 
one instance, the chemical vapor deposition of copper is 
achieved by using a precursor known as Cupraselect, which 
30 has the formula Cu(hfac)L, The L represents a Lewis base 
compound, such as vinyltrimethylsilane (VTMS) . The (hfac) 
represents hexaf luoroacetylacetonato , and Cu represents 
copper. During the CVD of copper using the Cu(hfac)L 
precursor, the precursor is vaporized and flowed into a 

3 5 deposition chamber containing a substrate (i.e. " a 

semiconductor wafer). " In the chamber, the precursor, is 
infused with thermal energy at the wafer's surface, and the 
following reaction results: 
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2 Cu{hfac)L ^ Cu + Cuthfac)^ + 2L (Eqn. 1) 

The resulting copper (Cu) deposits on the upper surface of 
the wafer, along with the Cu(hfac)-, byproduct. The gaseous 
Lewis base byproduct (2L) is purged from the chamber. The 
5 presence of the byproduct as well as other contaminants on 
the wafer's surface increases the resistivity of the copper 
to an underlying diffusion barrier, such as titanium or 
tantalum nitride. Post annealing after deposition of the 
final layer of copper reduces the resistivity further but 
10 also degrades the adhesion. Consequently, a post annealing 
step is not entirely advantageous to formation of copper 
films , 

Adding moisture (H2O) during the deposition of the seed 
layer by CVD increases the deposition rate which is highly 

15 desirable. Unfortunately, the addition of K^O also produces 
contamination from excessive oxygen (O2) which reacts with 
the copper forming copper oxide (CuO) . The CuO incorporated 
into the seed layer increases the resistivity of the 
resulting film to an undesirable level. Further, a bulk 

20 layer of copper will not adhere well to a CuO interface. 

Accordingly, it is desirable to provide a method for 
the treatment of moisture laden copper CVD layers so that 
the adhesion between the copper and the underlying diffusion 
barrier is strong and the electrical resistivity is reduced. 

25 It is also desirable for such a deposition to be performed 
in a single chamber (in situ) . 

SUMMARY OF THE INVENTION 
In accordance with the present invention, a layer of 

30 material, such as copper, is formed on the surface of a 
wafer with reduced resistivity. In forming the layer of 
copper, a copper seed layer containing moisture (HjO) is 
first deposited by CVD on a surface of the wafer. Once the 
seed layer is deposited, the copper (containing moisture) is 

35 annealed by treatment with energy to reduce the resistivity 
of the copper on the surface of the wafer. The energy for 
annealing can be provided, for example, in the form of heat 
or bombardment with ions. A bulk layer of copper is 
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subsequently deposited by CVD. To lower the resistivity of 
the copper bulk film without any post treatment, by heat or 
ion bombardment, it is essential to deposit the bulk copper 
layer in a moisture free chamber. 
5 If the energy is supplied in the form of heat, any 

conventional heat source may be used. For example, the heat 
may be supplied by a resistive heating element, induction 
coil, radiant heat lamp or the like. A reducing agent such 
as hydrogen gas is also with the heat to remove the 
10 contaminants from the surface of the wafer. The hydrogen 
reacts with the contaminants on the hot surface reducing 
them to gaseous compounds which are removed from the 
chamber . 

If the energy is supplied by ion bombardment, the 
15 copper seed layer is exposed, for example, to a plasma. The 
plasma is generated in one embodiment of the present 
invention using an inert gas, such as argon along with 
reactive gases such as hydrogen and nitrogen. 
Alternatively, a hydrogen/nitrogen plasma can be employed 
20 along for bombarding the copper as well as providing for 
contaminant removal. The addition of the hydrogen provides 
for the removal of copper deposition byproducts such as 
carbon, oxygen, fluorine and the like, thereby reducing the 
resistivity of the copper seed layer and improving the 
25 adhesion of same. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Further details of the present invention are explained 
with the help of the attached drawings in which: 
30 Fig. 1 illustrates a sequence of operations that are 

performed for depositing a layer of copper in accordance 
with the present invention; 

Figs. 2 (a) -2(d) illustrate the deposition and treatment 
of a layer of copper in accordance with the present 
3 5 invention; 

Fig. 3 illustrates a deposition chamber that is used in 
the deposition of copper in accordance with the present 
invention; 
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Fig. 4 illustrates a control system that is employed in 
accordance with the present invention to control the 
operation of a deposition chamber that is used for 
depositing copper in accordance with the present invention; 
5 and 

FIG . 5 depicts a table of data comparing the 
resistivity and adhesion of films processed under various 
conditions including and method of the present invention. 

To facilitate understanding, identical reference 
10 numerals have been used, where possible, to designate 
identical elements that are common to the figures . 

DETAILED DESCRIPTION 
Fig. 1 illustrates a sequence of operations 90, 

15 starting at step 98, in accordance with the present 
invention for depositing copper on the surface of a wafer 
mounted on a support in a vacuum chamber. A seed layer of 
moisture containing copper is deposited on the upper surface 
of the wafer in step 100. The seed layer of copper is 

2 0 deposited using chemical vapor deposition and can be 
deposited as either a continuous or discontinuous layer of 
copper. In accordance with the present invention, a 
Cu{hfac)L (Cupraselect) precursor is employed in the 
deposition of the seed layer. However, other copper 

2 5 precursors in combination with reducing agents could be used 

to form the seed layer, e.g., Cu*^(hfac)L precursor with a 
hydrogen reducing agent. An inert carrier gas, such as 
argon. Xenon, Krypton or Helium, that contains water vapor 
is also employed to introduce the moisture into the copper 

3 0 layer. 

In a first embodiment of the present invention, the 
seed layer is treated with energy in the form of heat in 
step 101. The heat can be provided by various methods known 
in the art of semiconductor fabrication, for example a 
35 resistive heater element internal to the wafer support or 
heat lamps external to the wafer support. 

In a second embodiment of the present invention, the 
seed layer of moisture containing copper is treated with 
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energy in the form of a plasma. The plasma is generated by 
applying energy to one or more gases . In a preferred 
embodiment of the present invention. RF energy is used to 
produce the plasma gas composed of argon, hydrogen and 
5 nitrogen. Alternately , other inert gases such as krypton 
and xenon may be substituted for argon. 

During plasma treatment, the substrate onto which the 
copper has been deposited acquires a negative bias as a 
result of electron bombardment. The bias results in 

10 positive ions in the plasma being accelerated toward the 
substrate. These ions impact the copper seed layer, thereby 
causing the copper to adhere to the surface of the 
substrate, i.e., the copper grains become "mounted" on the 
substrate and also flattens the grains to improve charge 

15 mobility. This enhances the adhesion of the copper seed 
layer to the substrate. Also, the hydrogen ions present in 
the plasma combine with precursor contaminant byproducts and 
are removed from the chamber . 

Once the heat or plasma treatment is completed in step 

20 101, a bulk deposition of copper is performed in step 102. 
The copper deposited during the bulk deposition is deposited 
over the treated copper to form a layer of copper having a 
desired thickness and improved adhesion to the wafer's 
surface. The bulk copper deposition is achieved using a 

25 chemical vapor deposition with Cupraselect or some other 
bulk copper deposition process. Furthermore, it is 

important that the bulk deposition of copper be performed in 
a moisture free environment. Finally, the process ends at 
step 104. 

3 0 In one embodiment of the present invention, the seed 

layer and bulk layer depositions and heat or plasma 
treatment are performed in different chambers. Regardless 
of the type of treatment the seed layer is subjected to, it 
is speculated that the excess moisture from the Cu lattice 

35 is annealed out and oxides that may form as a result of 
oxygen reacting with pure copper are reduced and exhausted 
from the chamber by the hydrogen. As such, there are fewer 
contaminants left in the seed layer to effect resistivity 
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and adhesion of the bulk layer to the seed layer. 
Alternately, the copper seed layer deposition, plasma 
treatment, and bulk deposition are accomplished in a single 
chamber that is capable of performing both chemical vapor 

.5 deposition and plasma treatment and explained in greater 
detail below. Any moisture in the chamber may be removed, 
for example, by baking out the chamber prior to bulk 
deposition. Accordingly, the layer of copper is formed 
completely in situ. 

10 Figs. 2 (a) -2(d) illustrate the formation and treatment 

of a layer of copper in an integrated circuit in accordance 
with the present invention. Fig. 2(a) shows a via 116 that 
has been formed (i.e., etched) in a layer 111 of insulative 
material, such as silicon dioxide. The layer 111 of 

15 insulative material overlies a substrate 110 which is to be 
electrically coupled to other elements in the integrated 
circuit. The substrate 110 is to be coupled to the other 
elements by an interconnect structure that will be formed 
within the via 116. 

2 0 The upper surface of the insulative layer 111 and the 

upper surface of the ' substrate 110 that is within the 
perimeter of the via 116 are overlain by a diffusion barrier 
112. The diffusion barrier 112 is employed to inhibit the 
diffusion of interconnect structure metal into the substrate 

25 110. In one embodiment of the present invention, the 
interconnect structure metal is copper-, and the diffusion 
barrier is a refractory metal or refractory metal nitride. 
For example, the refractory metal nitride is preferably 
tantalum nitride, but may also be titanium nitride, 

30 tantalum, tungsten nitride or another suitable material that 
functions as a diffusion barrier between the metal (e.g., 
copper) and the substrate 110. 

Fig. 2(b) illustrates the deposition of a seed layer 
113 of copper which is to be employed in an interconnect 

35 structure. The seed layer of copper 113 is deposited on the 
upper surface of the" diffusion barrier 112 using chemical 
vapor deposition. In one embodiment of the present 

invention, as shown in Fig. 2(b), the seed layer 113 of 
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copper is deposited to be discontinuous, i.e., there are 
gaps between deposition regions. In an alternate embodiment 
(not shown) the seed layer 113 of copper is deposited to be 
continuous with a thickness in a range of lOA to 300A. 

The chemical vapor deposition of the seed layer 113 is 
preferably achieved using the Cu(hfac)L precursor, with L 
being VTMS . Liquid Cu{hfac)L is vaporized and flowed into a 
deposition chamber containing the substrate 110 with 
diffusion barrier 112. Vaporization of the precursor can be 
accomplished by "bubbling" a carrier gas such as nitrogen, 
helium or hydrogen through the liquid precursor. 

Moisture (HjO) is added using an inert carrier gas, such 
as argon. The wafer is heated causing the precursor to 
react, as in equation 1 above, thereby depositing copper on 
the diffusion barrier 112. The seed layer 113 may be 
chemically deposited using other copper precursors such as 
Cu*^(hfac)2 with a hydrogen reducing agent. Broadly speaking, 
any form of copper deposition with moisture is considered to 
be within the scope of the invention. During deposition, 
excess moisture (H^O vapor) exists in the seed layer. 
Additionally, some of the HjO may break down into and O 

(oxygen) . The free O then combines with the seed layer to 
form copper oxide (CuO) . CuO increases the resistivity of 
the seed layer as well as reduces adhesion of a bulk copper 
layer formed thereupon. 

According to the first embodiment of the invention, 
after the seed layer of copper 113 is deposited, it is 
treated with heat in either a hydrogen or Argon atmosphere. 
This heat treatment anneals out the moisture (H^O vapor) in 
the seed layer. In addition, copper oxide (CuO) in the seed 
layer is reduced by reaction with the ambient hydrogen 
according to the following equation: 

CuO + > Cu + HjO (Eqn. 2) 

the HjO, in the form of water vapor, is exhausted from the 
chamber . 

According to the second embodiment of the invention. 
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after the seed layer of copper 113 is deposited, it is 
treated with a plasma 114, as shown in Fig. 2(c). in 
accordance with the present invention, the plasma 114 is 
foxTned by providing energy to one or more gases, i.e., a 
5 gaseous mixture, that includes an inert gas. Such inert 
gases include helium, argon, xenon and krypton. In one 
embodiment of the present invention, the gaseous mixture is 
composed of a mixture of argon, hydrogen and nitrogen. 

The gas mixture is transformed into a plasma by 

10 infusing it with energy from a RF signal. A frequency of 
13.56 MHz has been found to produce sufficient treatment 
results. Alternately, other frequencies include the range 
from approximately 3 50kHz for low power applications and up 
to approximately 2Ghz for microwave applications. 

15 Once the seed layer of copper 113 is treated with heat 

or the plasma 114, a bulk deposition of copper is performed 
to form the final copper layer 115 having a desired 
thickness. As shown in Fig. 2(d), the newly deposited 
copper is deposited using chemical vapor deposition and 

2 0 merges with (grows upon) the seed layer of copper 113 to 
form the final layer of copper 115 . In a preferred 
embodiment of the invention, the bulk CVD of copper layer 
115 is achieved as described above with respect to Fig. 2(b) 
using the Cu(hfac)L precursor; however, no moisture is 

2 5 introduced and the bulk deposition is performed in a 
moisture free environment. Other moisture free bulk 

deposition processes may be used such as using Cu*^(hfac)^ 
with a hydrogen reducing agent. 

The bulk deposition of copper is accomplished until 

30 the final layer 115 of copper has a thickness in a range of 
lOOOA to 1 micron. Since the newly deposited copper is 
deposited on top of the seed layer 113, which has improved 
adhesion to the underlying diffusion barrier 112, the 
adhesion of the final layer of copper 115 to the diffusion 

35 barrier 112 is also improved. As a result of the improved 
adhesion, the copper is less likely to be undesirably peeled 
away from the diffusion barrier 112 during CMP polishing. 

In an alternate embodiment of the invention, substrate 
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ilO could be a previously deposited layer of copper. Via 
116 is typically etched through the insulative layer 111 
with an Argon plasma. During this etching process, CuO can 
form on top of the copper substrate. Oxides such as CuO 
5 increase the resistivity and are therefore undesirable in a 
via fill application. Plasma treatment reduces CuO without 
copper sputtering onto and diffusing into the side walls of 
the via 116. In a preferred embodiment of the invention, a 
hydrogen /nitrogen plasma is used to treat the copper 
10 substrate, prior to the deposition of a titanium nitride 
barrier layer. 

Specific preferred embodiments of the method of the 
present invention will now be discussed. Two copper films 
were deposited on separate titanium nitride diffusion 

15 barriers. For each film, a 100-300A thick seed layer of 
moisture laden copper was deposited in a CVD chamber. 
Following deposition of the seed layer, the wafers were 
transferred to a separate treatment chamber for treatment. 
The wafers were then transferred back to the CVD chamber for 

20 bulk layer deposition. 

For the deposition of the seed layer. Argon was used as 
the carrier gas for moisture at a flow rate of approximately 

2 6 seem and hydrogen was introduced at a flow rate of 
approximately lOOsccm. Argon was also directed at the wafer 

2 5 backside and edge at a rates of approximately 200sccm and 

3 00sccm respectively. A Cupraselect precursor was admitted 
to the CVD chamber at a rate of approximately 0-35cc/min 
using helium as a carrier gas at a flow rate of 
approximately 200sccm. The spacing between the showerhead 

30 and the wafer (heater spacing) was approximately 400mils. 
The CVD chamber pressure was maintained at approximately 0.5 
torr for a deposition time of approximately BOsec. After 
deposition of the seed layer, one wafer was transferred to a 
treatment chamber and treated with heat and the other wafer 

3 5 was transferred to a treatment chamber and treated with an 

Argon/nitrogen/hydrpgen plasma. 

For the plasma treated wafer, a "self -annealing" stage 
is first established. In this stage. Argon, nitrogen, and 
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hydrogen were admitted to the treatment chamber at flow 
rates of approximately SOOsccm, 250sccm, and 250sccm 
respectively. The heater spacing was maintained at 400mils. 
The treatment chamber pressure was established at 
5 approximately 1.5 torr and treatment chamber temperature 
established at approximately 450^C. The wafer "self- 

annealed" for approximately 48sec as the treatment chamber 
conditions stabilized prior to plasma treatment. After the 
self -annealing stage, plasma treatment conditions were 

10 established. Specifically, an RF signal was applied to the 
chamber at an approximate frequency of 13 . 56Mhz and an 
approximate power of 450W to form the plasma. The plasma 
treatment conditions were sustained for approximately 60sec. 
For the heat treated wafer, hydrogen was admitted to 

15 the treatment chamber at a flow rate of approximately 
lOOOsccm. The treatment chamber pressure was established at 
approximately S.Otorr and treatment chamber temperature 
established at approximately 450^C. The heater spacing was 
approximately 400mils. The heat treatment conditions were 

20 sustained for approximately 3 00sec. 

For both the plasma and heat treated wafers, bulk 
copper was deposited in the CVD chamber using hydrogen flow 
of approximately lOOsccm and a Cupraselect precursor flow 
rate of approximately 0.35 cc/min using helium as a carrier 

2 5 gas at a flow rate of approximately 200sccm. The argon 
carrier gas containing moisture was - omitted during the 
deposition of the bulk films. Argon was directed at the 
wafer backside and edge at a rates of approximately 200sccm 
and 300sccm respectively. The heater spacing was 

30 approximately 400mils. The CVD chamber pressure was 

established at about O.Storr and the deposition time was 
about ISOsec. 

As an example of an alternate embodiment of the 
invention, a copper film was treated with a 
35 hydrogen /nitrogen plasma to strip CuO from a copper coated 
wafer without affecting the underlying copper. The process 
was performed in a TxZ chamber manufactured by Applied 
Materials of Santa Clara, California. Specifically, 
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hydrogen and nitrogen were admitted to the CVD chamber at a 
flow rates of approximately SOOsccm and lOOsccm 
respectively. The chamber temperature was approximately 
350°C and the heater spacing was approximately 400mils. Low 
5 ' frequency (approximately 3 50kh2) RF energy was applied at a 
power of approximately 155W and the chainber pressure was 
approximately 2 . 5Torr . These treatment conditions were 
sustained for approximately 300sec. This process left an 
interface of nearly pure copper upon which to deposit the 
10 next layer of the device, for example a barrier layer of 
titanium nitride or a bulk deposition of copper to fill the 
via . 

A variety of wafers were processed under various 
conditions including those of the above described method, 
15 Table 1 shown in Figure 5 depicts the results of five (5) 
representative wafers processed under different conditions . 

Wafers 2 and 3 (plasma treated only and heat treated only 
respectively) have the best combined characteristics of good 
adhesion, deposited layer thickness and low resistivity (1.7 
20 ^iQ-cm is the standard for bulk copper, seed layers are 

usually slighty higher) . Adhesion was measured by a 
qualitative ^^scotch tape" and scribe test. Adhesive tape 
was applied to the film and then peeled off. A score of 1 
indicated the film peeled off at the interface between the 

25 copper and the barrier. A score of 2 indicated the film 
peeled off at the interface between the barrier and the 
underlying oxide. A score of 3 indicated the film didn't 
peel with the tape, but peeled when scribed. A score of 4 
indicated none of the film peeled off with the tape or when 

30 scribed. An average score for four films is shown for each 
experiment . 

Fig. 3 illustrates a CVD system 120 that can be 
employed to form a layer of copper in accordance with the 
present invention. The chamber is a model WxZ chamber 
35 manufactured by Applied Materials, Inc. of Santa Clara, 
California, that has been modified to perform copper 
deposition in accordance with the invention. The system 120 
includes a process chamber 137 in which copper deposition is 
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performed. Included in the process chamber 13 7 are a wafer 
support 13 0 for supporting a wafer and a showerhead 129 for 
flowing process gases into the process chamber 137. 

The process chamber 13 7 is defined by a set of walls 
5 131 that are electrically and thermally isolated from the 
wafer support 130 and showerhead 129 by isolators 132. For 
providing thermal energy, the wafer support 13 0 includes a 
resistive coil (not shown) that provides heat to the wafer. 
For providing the energy for forming a plasma, the 

10 showerhead 129 is coupled to a signal source 126 that 
provides signals having frequencies in a range of 100 kHz to 
20 MHz. Both the processing chamber walls 131 and the wafer 
support 13 0 are coupled to ground. 

A pressure control unit 135, e.g., a vacuum pump, is 

15 coupled to the process chamber 137 for setting the pressure 
in the process chamber 137. The pressure control unit 135 
also provides for purging reactant byproducts from the 
process chamber . 

In order to provide reactants to the process chamber 

20 137, the system 120 also includes a mixer block 127, 
vaporizer 128, gas panel 121, and liquid panel 122. The gas 
panel 121 provides carrier gases and reactants and is 
coupled to both the vaporizer 128 and the mixer block 127. 
The liquid panel 122 provides liquid reactants and is 

2 5 coupled to the vaporizer 12 8. 

The vaporizer 128 provides for^ converting liquid 
reactants into gaseous reactants. When a liquid reactant is 
employed, the liquid panel 122 provides the liquid reactant 
to the vaporizer 128, and the vaporizer 128 vaporizes the 

3 0 liquid and uses an inert diluant gas such as helium, 

hydrogen, nitrogen or argon as a carrier gas . 
Alternatively, the vaporizer may produce a gaseous reactant 
through evaporation. When both gaseous and liquid reactants 
are employed, the gas panel 121 provides the vaporizer 128 
35 with the carrier gases and gaseous reactants, and the liquid 
panel 122 provides the vaporizer 12 8 with the liquid 
reactants. The vaporizer then provides for the combination 
and vaporization of these reactants. The mixer block 127 is 
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coupled to pass gaseous reactants from the gas panel 121 and 
vaporizer 128 to the showerhead 129. 

A wafer 140 containing an upper surface on which copper 
is to be deposited is placed in the process chamber 13 7 on 
5 wafer support 130. In one embodiment of the present 

invention, the upper surface of the wafer 140 is a diffusion 
barrier that is formed by a refractory metal-based material, 
such as titanium nitride , tantalum nitride , tungsten 
nitride, titanium, tungsten and the preferred Tantalum. If 

10 the entire deposition process is not carried out in-situ, 
(i.e., the wafer is transferred to another chamber such as a 
treatment chamber , not shown) said treatment chamber may be 
identical in construction to the CVD chamber 137. 
Specifically, for providing energy for forming a plasma, the 

15 showerhead 129 is coupled to a signal source 12 6 that 
provides signals having frequencies in a range of 100 kHz to 
20 MHz. Both the processing chamber walls 131 and the wafer 
support 130 are coupled to ground. During the plasma or 
heat treatment, the CVD chamber 137 would be pumped down to 

2 0 exhaust process by products and excess moisture from the 
chamber. The wafer would then be transferred back to the 
CVD chamber 137 from the treatment chamber. 

The above -described process steps (FIGS. 2(a) through 
2 (d) ) for forming a layer of copper can be performed in a 

25 system that is controlled by a processor based control unit. 
Fig. 4 shows a control unit 200 that- can be employed in 
such a capacity. The control unit includes a processor unit 
205, a memory 210, a mass storage device 220, an input 
control unit 270, and a display unit 250 which are all 

30 coupled to a control unit bus 225. 

The processor unit 205 is either a microprocessor or 
other engine that is capable of executing instructions 
stored in a memory. The memory 210 can be comprised of a 
hard disk drive, random access memory ("RAM"), read only 

35 memory ("ROM"), a combination of RAM and ROM, or another 
processor readable storage medium. The memory 210 contains 
instructions that the processor unit 205 executes to 
facilitate the performance of the above mentioned process 
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Steps. The instructions in the memory 210 are in the form 
of program code. The program code may conform to any one of 
a number of different programming languages. For example, 
the program code can be written in C+, C++, BASIC, Pascal, 
5 or a number of other languages. 

The mass storage device 220 stores data and 
instructions and retrieves data and program code 
instructions from a processor readable storage medium, such 
as a magnetic disk or magnetic tape. For example, the mass 

10 storage device 220 can be a hard disk drive, floppy disk 
drive, tape drive, or optical disk drive. The mass storage 
device 220 stores and retrieves the instructions in response 
to directions that it receives from the processor unit 205. 
Data and program code instructions that are stored and 

15 retrieved by the mass storage device 220 are employed by the 
processor unit 2 05 for performing the above mentioned 
process steps. The data and program code instructions are 
first retrieved by the mass storage device 220 from a medium 
and then transferred to the memory 210 for use by the 

20 processor unit 205. 

The display unit 250 provides information to a chamber 
operator in the form of graphical displays and alphanumeric 
characters under control of the processor unit 205, The 
input control unit 27 0 couples a data input device, such as 

2 5 a keyboard, mouse, or light pen, to the control unit 200 to 

provide for the receipt of a chamber operator's inputs. 

The control unit bus 225 provides for the transfer of 
data and control signals between all of the devices that are 
coupled to the control unit bus 225. Although the control 
30 unit bus is displayed as a single bus that directly connects 
the devices in the control unit 200, the control unit bus 
225 can also be a collection of busses. For example, the 
display unit 250, input control unit 270 and mass storage 
device 220 can be coupled to an input-output peripheral bus, 

3 5 while the processor unit 205 and memory 210 are coupled to a 

local processor bus. The local processor bus and input- 
output peripheral bus are coupled together to form the 
control unit bus 225. 
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The control unit 200 is coupled to the elements of one 
or more chambers, e.g., the CVD chamber 13 7 in Fig. 3 and a 
treatment chamber (not shown) , that are employed in forming 
a layer of copper in accordance with the present invention. 

Each of these elements is coupled to the control unit bus 
225 to facilitate communication between the control unit 200 
and the element. These elements include the following: the 
gas panel 121, the liquid panel 122, a heating element 230, 
such as the resistive coil (not shown) in the wafer support, 
the pressure control unit 135, the signal source 126, the 
vaporizer 128, and the mixer block 127. The control unit 
200 provides signals to the chamber elements that cause the 
elements to perform the operations described above for the 
process steps of forming a layer of copper. 

In operation, the processor unit 205 directs the 
operation of the chamber elements in response to the program 
code instructions that it retrieves from the memory 210. In 
response to these instructions, the chamber elements are 
directed to perform the process steps described above with 
reference to Fig. 1. 

Once a wafer is placed in the processing chamber, a 
seed layer of copper is deposited on the wafer in step 100 
(Fig. 1) , In order to perform the deposition in step 100, 
the processor unit 2 05 executes instructions retrieved from 
the memory 210. The execution of these instructions results 
in the elements of the chamber being operated to deposit a 
layer of material on a substrate as described above with 
reference to Fig. 2(b), 

Once the seed layer of copper is deposited, 
instructions retrieved from the memory 210 instruct the 
processor unit 205 to cause the elements of the chamber 120 
to perform an energy treatment in step 101. The execution 
of these instructions results in the wafer 140 being 
transferred to a treatment chamber, i.e., a similar CVD 
chamber available for the treatment process, and the 
elements of the treatment chamber being operated to treat 
the deposited copper with a plasma as described above with 
reference to Fig, 2(c). 
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Once the plasma treatment is completed, instructions 
retrieved from the memory 210 instruct the processor unit 
2 05 to cause the elements of the chamber 12 0 to perform a 
bulk deposition of copper in step 102. The execution of 
5 these instructions results in the wafer 140 being 
transferred back to the chamber 120 from the treatment 
chamber and the elements of the chamber 120 being operated 
to perform a bulk deposition to treat the copper as 
described above with reference to Fig. 2 (d) . 

10 Although the present invention has been described in 

terms of specific exemplary embodiments, it will be 
appreciated that various modifications and alterations might 
be made by those skilled in the art without departing from 
the spirit and scope of the invention as specified by the 

15 following claims. 
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CLAIMS 

What is claimed is : 

1. A method of reducing the resistivity of copper 
deposited on a substrate in a substrate processing system 
comprising the steps of: 

(a) depositing copper containing moisture upon said 
substrate; and 

(b) treating the copper with energy to reduce the 
resistivity of the copper. 

2. The method of .claim 1, wherein said energy in step (b) 
is in the form of heat. 



3. The method of claim 2, wherein said heat treatment step 
15 (b) further comprises establishing heat treatment conditions 

of admitting a hydrogen flow to a treatment chamber at a 
rate of approximately lOOOsccm, establishing a treatment 
chamber pressure at approximately S.Otorr, a treatment 
chamber temperature at approximately 4 50^C and a heater 
20 spacing of approximately 400mils and sustaining said heat 
treatment conditions for approximately 3 00sec. 

4. The method of claim 1, wherein said energy in step (b) 
is in the form of a plasma. 

25 

5. The method of claim 4, wherein said plasma treatment 
step (b) further comprises a "'self -annealing" stage prior to 
the plasma treatment . 

30 6. The method of claim 5, wherein the ''self -annealing" 
stage further comprises admitting an Argon/nitrogen/hydrogen 
flow to a treatment chamber at flow rates of approximately 
SOOsccm, 250sccm and 250sccm respectively, establishing a 
treatment chamber pressure of approximately 1.5 torr, a 

35 treatment chamber temperature of approximately 450°C and a 
heater spacing of approximately 400mils and sustaining 
the self -annealing stage for approximately 48 sec. 



BNSDOCID: <WO 9963590A1_I.> 



wo 99/63590 



-19- 



PCT/US99/11272 



7. The method of claim 6, further comprising establishing 
plasma treatment conditions after the "self -annealing" stage 
of applying an RF signal at an approximate frequency of 

5 13.56Mhz and an approximate power of 450W for approximately 
60sec . 

8. The method of claim 1, further including the step of: 
(c) depositing copper without moisture upon the copper 

10 deposited in said step (a) and treated in step (b) . 

9. The method claim 1, wherein the deposition step (a) is 
accomplished in a CVD chamber and the treatment step (b) is 
accomplished in a treatment chamber. 

15 

10. A method for forming a layer of copper over a layer of 
material on a wafer, said method comprising the steps of: 

(a) placing the wafer in a processing chamber; 

(b) chemical vapor depositing the copper with moisture 
20 on the layer of material; 

(c) transferring the wafer to a treatment chamber; and 

(d) treating the copper to reduce the resistivity. 

11. The method of claim 10, wherein said step (d) further 
25 comprises treating the wafer with heat. 

12. The method of claim 11, wherein said heat treatment 
step (d) further comprises establishing heat treatment 
conditions of admitting a hydrogen flow to the treatment 

30 chamber at a rate of approximately lOOOsccm, establishing a 
treatment chamber pressure at approximately B.Otorr, a 
treatment chamber temperature at approximately 4 50^C and a 
heater spacing of approximately 400mils and sustaining said 
conditions for approximately 300sec. 

35 

13. The method of claim 10, wherein said- step (c) further 
comprises forming a plasma, wherein the plasma includes ions 
that impact the copper. 
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14. The method of claim 13, wherein forming the plasma 
further comprises admitting an Argon /nitrogen /hydrogen flow 
to a treatment chamber at flow rates of approximately 

5 SOOsccm, 250sccm and 250sccm respectively, establishing a 
treatment chamber pressure of approximately 1.5 torr, a 
treatment chamber temperature of approximately 45 0°C and a 
heater spacing of approximately 400mils for approximately 48 
sec. and subsequently applying an RF signal at an 
10 approximate frequency of 13,56Mhz and an approximate power 
of 450W for approximately 60sec. 

15. The method of claim 10, further including the step of: 
(e) depositing copper on the copper deposited in said 

15 Step (b) , while the wafer is in a moisture free environment. 

16. In a semiconductor wafer processing system containing a 
chamber for performing chemical vapor deposition and a 
computer for controlling said chemical vapor deposition 

20 within said chamber, a computer readable medium containing a 
program that, when executed by said computer, causes said 
semiconductor wafer processing system to perform the 
following steps: 

depositing a copper seed layer with moisture upon a 

2 5 substrates- 

supplying a treatment gas to said chamber; 
providing energy to said copper seed layer . 

17. The computer readable medium of claim 16, further 

3 0 containing a program that, when executed by said computer, 

causes said semiconductor wafer processing system to perform 
the following additional step: 

depositing a layer of copper upon the copper seed 
layer . 

35 

-.18. A method for treating a layer of copper underneath an 
existing layer of material on a semiconductor wafer, 
processed in a semiconductor wafer processing system having 
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one or more chambers, the method comprising the steps of: 

(a) etching a via through said existing layer of 
material to expose a portion of a surface of said layer of 
copper; and 

5 (b) treating said surface with energy in the presence 

of hydrogen to reduce a copper oxide on said exposed 
portion . 

19. The method of claim 18 wherein said energy is provided 
10 by a hydrogen/nitrogen plasma. 

20. The method of claim 19 wherein said plasma is provided 
by 

admitting a flow of hydrogen and a flow of nitrogen to 
15 one of the said one or more process chambers at rates of 
approximately SOOsccm and lOOsccm respectively; 

establishing a chamber temperature at approximately 
350<=>C; 

establishing a heater spacing at approximately 400mils; 
20 establishing a chamber pressure of approximately 

2 . 5Torr ; 

applying RF energy at a power of approximately 155W; 

and 

sustained said flows, temperature, heater spacing, 
25 pressure and RF energy for approximately 300sec. 

21. The method of claim 18 further comprising the step of 
(c) depositing material onto said existing layer and 

said exposed portion. 

30 



BNSDOCID: <WO_ 9963590A1 ) > 



wo 99/63590 



PCT/US99/11272 



1/5 




7b 



3£. E 0 
( "jjii-i 








^100 

r 


TREATMENT 








—101 


BULK 
DEPOSITION 






102 



DONE )— O'f 



FIG. 1 



BNSDOCID <WO 9963590A 1 I > 



wo 99/63590 



111 



PCT/US99/11272 



2/5 



-116 





112 

111 

110 



FIG. 2(a) 






BNSDOCID: <WO 9963590AV I > 



wo 99/63590 



PCT/US99/11272 



3/5 



120 



12^ 



GAS 




PANEL 







132- 



131 



r 




137 



-135 



132 



VAPORIZER 

^128 





LIQUID 




PANEL 



M22 



MIXER BLOCK 

Tm — 




40 



■"^0 
■132 



131 



FIG. 3 



BNSDOCID: <WO 9963590Al_l > 



wo 99/63590 PCT/US99/11272 

4/5 




o 

00 




T 






CD 




LL 



BNSDOCID -cWO... _9963590A1_) > 



wo 99/63590 



5/5 



PCT/US99/11272 



1 



o o o o 
2 2: 2 2 



o 

u. o 
a. O 



>C r>» 0^ »n 
oo oo 



3 



S ^ :g 







OO 




oo 






fn 






rn 




o 


rn 








oo 








■a 






< 







Z Z ^ 2 



o 
2 



I 



m oo *o 

fM ^ r* 

m ON c** r>4 oo 

Os rn ■ ON ON 

\0 OO CM ^ p 

oi — ^ CM r4 



c 

2 ^ 



o 
2 



o 

"S. 
B 



i. I 



S H o 

v; w-t rn 

S P-H 

X a. O 



r-k Tt Wk 



ON W-t %o o 

oo ^ oo 



o o o o o 



o o 



5 



. — r>» rn 



in 



BNSDOCID:<WO 9963590A1J > 



INTERNATIONAL SEARCH REPORT 



Int' tional Application No 

PCT/US 99/11272 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 H01L21/768 C23C16/18 C23C16/56 



According to International Patent Classification (IPO or to both national ciassification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searctied (classiiicatton system followed by classification symbols) 

IPC 6 HOIL C23C 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to ctaim No. 


X 


GELATOS A V ET AL: "CHEMICAL VAPOR 


1.2 




DEPOSITION OF COPPER FROM CU+1 PRECURSORS 






IN THE PRESENCE OF WATER VAPOR" 






APPLIED PHYSICS LETTERS, 






vol. 63, no. 20, 






15 November 1993 (1993-11-15), pages 






2842-2844, XP000408661 






ISSN: 0003-6951 




Y 


page 2843, left-hand column, line 6 - 


4.9-11, 




line 9 


13,16 




-/-- 





Further documents are listed in the csontmuation of box C. 



Patent family members are listed in annex. 



** Special categories of cited documents : 

"A" document defining the general state of the art which is not 

considered to be of particular relevance 
"E" earfier document but published on or after the international 

filing date 

"L" document which may throw doubts on priority clajm(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

'O" document referring to an oral disclosure, use. exhibition or 
other means 

"P" document published prior to the international filing date bul 
later than the priority date claimed 



"T" later document published after the international fifing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X' document of particular relevance: the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y" document of particular relevance: the claimed invention 

cannot be considered to Involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

document member of the same patent family 



Date of the actual completion of the international search . 

26 August 1999 


Date of mailing of the international search report 

02/09/1999 


Name and mailing address of (he ISA 

European Patent Office. P.B. 5818 Palenllaan 2 
NL - 2280 HV Rtjswiik 
Tel. (+31-701 340-2040. Tx, 31 651 epo nl. 
Fax: (4.31-70)340-3016 


Authonzed officer 

El^hult, H 



Form PCT/1SA>2 10 (second stieet) (July 1992) 



page 1 of 2 



BNSDOCID <WO „9963590A1 \ > 



INTERNATIONAL SEARCH REPORT 



Int' *ional Application No 

PCT/US 99/11272 



C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category = 



C nation of document, wrth indication .where appropriate, ot the relevant passages 



PATENT ABSTRACTS OF JAPAN 

vol . 098, no. 010, 

31 August 1998 (1998-08-31) 

& JP 10 116831 A (SHARP CORP; SHARP MICRO 

ELECTRON TECHNOL INC), 

6 May 1998 (1998-05-06) 

abstract 
-& US 5 918 150 A (TUE NGUYEN) 
29 June 1999 (1999-06-29) 

column 3, line 3 - column 4, line 19 

EP 0 818 560 A (APPLIED MATERIALS INC) 
14 January 1998 (1998-01-14) 

page 4, line 23 - line 33 

page 14, line 4 - 1 ine 15 

page 23, line 15 - line 25 

US 5 744 192 A (SENZAKI YOSHIHIDE ET AL) 
28 April 1998 (1998-04-28) 
column 8, line 43 - column 9, line 7 



Relevant lo ciaim No 



18,19,21 



18.19,21 



4,9-11, 
13,16 



1-21 



Form PCT/1SA*'210 (oonitnuaiion of socond sheet) (July 1992) 



page 2 of 2 



BNSDOCID: <WO 9963590A 1 _l . > 



INTERNATIONAL SEARCH REPORT 

■nrormatlon on patent family members 



Intr *ional Application No 

PCT/US 99/11272 



Patent document 
cited In search report 



Publication 
date 



Patent tamily 
member(s) 



Publication 
date 



JP 10116831 A 

EP 0818560 A 



06-05-1998 
14-01-1998 



US 



5918150 A 



29-06-1999 



EP 
JP 
JP 



0818559 A 
10144626 A 
10125626 A 



14- 01-1998 
29-05-1998 

15- 05-1998 



US 5744192 A 28-04-1998 JP 10140352 A 26-05-1998 



Forni PCT/ISA.210 ipalant tamily annex) (Juty 1992) 
BNSDOCID: <WO 9963590A1 J_> 



CORRECTED 
VERSION* 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification ^ : 
HOIL 2iy768, C23C 16/18, 16/56 



Al 



(11) International Publication Number: WO 99/63590 

(43) International Publication Date: 9 December 1999 (09.12.99) 



(21) International Application Number: PCT/US99/n272 

(22) International FUing Date: 21 May 1999 (21.05.99) 



(30) Priority Data: 

09/092,477 



5 June 1998 (05.06.98) 



(71) Applicant: APPLIED MATERIALS, INC. [US/US]; 
Bowers Avenue, Santa Clara, CA 95054 (US). 



US 



3050 



(72) Inventors: BHAN, Mohan, K.; 20200 Lucille Avenue #101. 
Cupertino, CA 95014 (US). CHEN, Ling; 784 Dartshire 
Way. Sunnyvale, CA 94087 (US). ZHENG, Bo; 1020 W, 
Riverside Way, San Jose, CA 95129 (US). JONES, Justin; 
Apanment 312, 1425 Fillmore Street, San Francisco, CA 
94115 (US) GANGULI, Seshadri; 3480 Granada Avenue 
#150, Santa Clara, CA 95051 (US). LEVINE, Timothy; 
81 1 Monte Circle, Santa Clara, CA 95050 (US). WILSON, 
Samuel; 355 N. Wolfe Road #311, Sunnyvale, CA 94086 
(US). CHANG, Mci; 12881 Corte de Arguello, Saratoga, 
CA 95070 (US). 

(74) Agents: BERNADICOU, Michael, A. et al.; Blakely, Sokoloff, 
Taylor & Zafman LLP. 7th floor, 12400 Wilshire Boulevard, 
Los Angeles, CA 90025 (US). 



(81) Designated States: CN, JP, KR, SG, European patent (AT, BE. 
CH, CY. DE. DK. ES. FI, FR. GB. GR. IE, IT, LU, MC. 
nl! PT, SE). 



Published 

With international search report. 



(54) TiUe: 



A METHOD FOR TREATING A DEPOSITED FILM FOR RESISTIVITY REDUCTION 



(57) Abstract 

A method for reducing the resistivity of a copper layer on a 
wafer. A moisture containing seed layer of copper is formed over a 
layer of material on a wafer. The copper seed layer is treated by either 
heat or ions from a plasma to anneal out moisture thereby reducmg 
its resistivity and improving its adhesion to the underlying layer.^ A 
moisture free copper layer is then deposited on top of the "clean" or 
treated copper seed layer. 



START 




98 



90. 



SEED LAYER 
DEPOSITION ^ 
(WITH MOISTURE) 



-100 



ENERGY 
TREATMENT 



BULK 
DEPOSITION 



-102 




DONE 



04 



♦(Referred to in PCT Gazette No. 21/2000, Section II) 

BNSDOCID <WO &963590A1 IA> 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCX. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


IIU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CC 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


CGic dM voire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






D£ 


Germany 


U 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


S£ 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







BNSDOCID; <WO_. 9963590A1 JA> 



wo 99/63590 



-1- 



PCTAJS99/11272 



A METHOD FOR TREATING A DEPOSITED FILM 
FOR RESISTIVITY REDUCTION 

5 BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention is directed toward the field of 
manufacturing integrated circuits. The invention is more 
10 particularly directed toward treating deposited thin films 
that form integrated circuits to improve their electrical 
characteristics . 

Description of the Related Art 

15 Presently, aluminum is widely employed in integrated 

circuits as an interconnect, such as plugs and wires. 
However, higher device densities, faster operating 
frequencies, and larger die sizes have created a need for a 
metal with lower resistivity than aluminum to be used in 

20 interconnect structures. The lower resistivity of copper 
makes it an attractive candidate for replacing aliaminum. 
One challenge in employing copper instead of aluminum is the 
fact that copper does not adhere well to materials, such as 
titanium nitride, that are presently being used as diffusion 

25 barriers beneath the copper. Diffusion barriers are 

deposited between layers of the devices to prevent cross - 
contamination. For example, material from a conducting 
layer can migrate into neighboring insulating layers thereby 
compromising the intended insulative characteristic. Such a 

30 condition can lead to shorting or performance degradation of 
the device. Poor adhesion of the copper to a diffusion 
barrier results in portions of the copper being undesirably 
peeled away during polishing. This condition can also 
render an integrated circuit defective. 

35 One solution to improve the adhesion of copper to an 

underlying diffusion barrier ;is to divide the process for 
depositing copper into two steps. During a first step, 
physical vapor deposition (PVD) is performed to deposit a 
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seed layer of copper. PVD is a well established technique 
for depositing material to create thin films. Once the seed 
layer of copper is deposited using PVD, a bulk layer of 
copper is deposited. The bulk layer is deposited by either 
5 standard chemical vapor deposition (CVD) or electrical 
plating. The bulk layer of copper adheres relatively well 
to the copper seed layer. 

Unfortunately, the use of the PVD process results in 
poor step coverage, which is unacceptable for devices that 

10 have a high aspect ratio (the ratio of the depth of a 
feature to its cross sectional width on the substrate 
surface) . Further, the PVD process cannot be accomplished 
in the same chamber as either chemical vapor deposition or 
electrical plating. The need to have both a PVD chamber and 

15 either a CVD or electrical plating chamber increases 
integrated circuit manufacturing costs and reduces 
throughput (the number of substrates processed per unit of 
time) . Alternately, adhesion can be improved by treatment 
of the seed layer by bombardment with ions prior to bulk 

20 deposition of CVD copper. However such thin films have an 
undesirably high electrical resistivity. Therefore, it is 
therefore desirable to employ chemical vapor deposition, for 
depositing both the seed and bulk layers, because CVD 
provides for a more conf ormal layer of copper . 

2 5 The chemical vapor deposition of copper presents a 

further challenge. The challenge arises from a byproduct 
that is produced during the deposition of the copper. In 
one instance, the chemical vapor deposition of copper is 
achieved by using a precursor known as Cupraselect, which 

30 has the formula Cu(hfac)L. The L represents a Lewis base 
compound, such as vinyl trimethylsi lane (VTMS) . The (hfac) 
represents hexaf luoroacetylacetonato , and Cu represents 
copper. During the CVD of copper using the Cu(hfac)L 
precursor, the precursor is vaporized and flowed into a 

35 deposition chamber containing a substrate (i.e. a 
semiconductor wafer). " In the chamber, the precursor, is 
infused with thermal energy at the wafer's surface, and the 
following reaction results: 
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2 Cu(hfac)L — » Cu + Cu(hfac)2 + 2L (Eqn. 1) 

The resulting copper (Cu) deposits on the upper surface of 
the wafer, along with the Cu(hfac). byproduct. The gaseous 
Lewis base byproduct (2L) is purged from the chamber. The 
5 presence of the byproduct as well as other contaminants on 
the wafer's surface increases the resistivity of the copper 
to an underlying diffusion barrier, such as titanium or 
tantalum nitride. Post annealing after deposition of the 
final layer of copper reduces the resistivity further but 
10 also degrades the adhesion. Consequently, a post annealing 
step is not entirely advantageous to formation of copper 
films . 

Adding moisture (HjO) during the deposition of the seed 
layer by CVD increases the deposition rate which is highly 

15 desirable. Unfortunately, the addition of H^O also produces 
contamination from excessive oxygen (O^) which reacts with 
the copper forming copper oxide (CuO) . The CuO incorporated 
into the seed layer increases the resistivity of the 
resulting film to an undesirable level. Further, a bulk 

20 layer of copper will not adhere well to a CuO interface. 

Accordingly, it is desirable to provide a method for 
the treatment of moisture laden copper CVD layers so that 
the adhesion between the copper and the underlying diffusion 
barrier is strong and the electrical resistivity is reduced. 

25 It is also desirable for such a deposition to be performed 
in a single chamber {In situ) . 

SUMMARY OF THE TNVENTIQN 
In accordance with the present invention, a layer of 

3 0 material, such as copper, is formed on the surface of a 
wafer with reduced resistivity. In forming the layer of 
copper, a copper seed layer containing moisture (HjO) is 
first deposited by CVD on a surface of the wafer. Once the 
seed layer is deposited, the copper (containing moisture) is 

35 annealed by treatment with energy to reduce the resistivity 
of the copper on the surface of the wafer. The energy for 
annealing can be provided, for example, in the form of heat 
or bombardment with ions. A bulk layer of copper is 
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subsequently deposited by CVD. To lower the resistivity of 
the copper bulk film without any post treatment, by heat or 
ion bombardment, it is essential to deposit the bulk copper 
layer in a moisture free chamber. 
5 If the energy is supplied in the form of heat, any 

conventional heat source may be used. For example, the heat 
may be supplied by a resistive heating element, induction 
coil, radiant heat lamp or the like. A reducing agent such 
as hydrogen gas is also with the heat to remove the 
10 contaminants from the surface of the wafer. The hydrogen 
reacts with the contaminants on the hot surface reducing 
them to gaseous compounds which are removed from the 
chamber . 

If the energy is supplied by ion bombardment, the 
15 copper seed layer is exposed, for example, to a plasma. The 
plasma is generated in one embodiment of the present 
invention using an inert gas, such as argon along with 
reactive gases such as hydrogen and nitrogen. 
Alternatively, a hydrogen/nitrogen plasma can be employed 
2 0 along for bombarding the copper as well as providing for 
contaminant removal- The addition of the hydrogen provides 
for the removal of copper deposition byproducts such as 
carbon, oxygen, fluorine and the like, thereby reducing the 
resistivity of the copper seed layer and improving the 

2 5 adhesion of same, 

BRIEF DESCRIPTION OF THE DRAWINGS 
Further details of the present invention are explained 
with the help of the attached drawings in which: 
30 Fig. 1 illustrates a sequence of operations that are 

performed for depositing a layer of copper in accordance 
with the present invention; 

Figs. 2 (a) -2(d) illustrate the deposition and treatment 
of a layer of copper in accordance with the present 

3 5 invention; 

Fig. 3 illustrates a deposition chamber that is used in 
the deposition of copper in accordance with the present 
invention; 
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Fig. 4 illustrates a control system that is employed in 
accordance with the present invention to control the 
operation of a deposition chamber that is used for 
depositing copper in accordance with the present invention; 
5 and 

FIG. 5 depicts a table of data comparing the 
resistivity and adhesion of films processed under various 
conditions including and method of the present invention. 

To facilitate understanding/ identical reference 
10 numerals have been used, where possible, to designate 
identical elements that are common to the figures. 

DETAILED DESCRIPTION 
Fig. 1 illustrates a sequence of operations 90, 

15 starting at step 98, in accordance with the present 
invention for depositing copper on the surface of a wafer 
mounted on a support in a vacuum chamber. A seed layer of 
moisture containing copper is deposited on the upper surface 
of the wafer in step 100, The seed layer of copper is 

20 deposited using chemical vapor deposition and can be 
deposited as either a continuous or discontinuous layer of 
copper- In accordance with the present invention, a 
Cu(hfac)L (Cupraselect) precursor is employed in the 
deposition of the seed layer. However, other copper 

2 5 precursors in combination with reducing agents could be used 

to form the seed layer, e.g., Cu*^(hfac)L precursor with a 
hydrogen reducing agent. An inert carrier gas, such as 
argon. Xenon, Krypton or Helium, that contains water vapor 
is also employed to introduce the moisture into the copper 

3 0 layer. 

In a first embodiment of the present invention, the 
seed layer is treated with energy in the form of heat in 
step 101. The heat can be provided by various methods known 
in the art of semiconductor fabrication, for example a 
35 resistive heater element internal to the wafer support or 
heat lamps external to the wafer support . 

In a second embodiment of the present invention, the 
seed layer of moisture containing copper is treated with 



BNSDOCID: <WO 9963590A1JA> 



wo 99/63590 



-6- 



PCT/US99/11272 



energy in the form of a plasma. The plasma is generated by 
applying energy to one or more gases . In a preferred 
embodiment of the present invention, RF energy is used to 
produce the plasma gas composed of argon, hydrogen and 
5 nitrogen. Alternately, other inert gases such as krypton 
and xenon may be substituted for argon. 

During plasma treatment, the substrate onto which the 
copper has been deposited acquires a negative bias as a 
result of electron bombardment. The bias results in 

10 positive ions in the plasma being accelerated toward the 
substrate. These ions impact the copper seed layer, thereby 
causing the copper to adhere to the surface of the 
substrate, i.e., the copper grains become "mounted" on the 
substrate and also flattens the grains to improve charge 

15 mobility. This enhances the adhesion of the copper seed 
layer to the substrate. Also, the hydrogen ions present in 
the plasma combine with precursor contaminant byproducts and 
are removed from the chamber. 

Once the heat or plasma treatment is completed in step 

20 101, a bulk deposition of copper is performed in step 102. 
The copper deposited during the bulk deposition is deposited 
over the treated copper to form a layer of copper having a 
desired thickness and improved adhesion to the wafer's 
surface. The bulk copper deposition is achieved using a 

25 chemical vapor deposition with Cupraselect or some other 
bulk copper deposition process. Furthermore, it is 

important that the bulk deposition of copper be performed in 
a moisture free environment. Finally, the process ends . at 
step 104. 

3 0 In one embodiment of the present invention, the seed 

layer and bulk layer depositions and heat or plasma 
treatment are performed in different chambers. Regardless 
of the type of treatment the seed layer is subjected to, it 
is speculated that the excess moisture from the Cu lattice 

3 5 is annealed out and oxides that may form as a result of 
oxygen r eac t ing wi th pure copper are reduced and exhaus t ed 
from the chamber by the hydrogen. As such, there are fewer 
contaminants left in the seed layer to effect resistivity 
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10 



and adhesion of the bulk layer to the seed layer. 
Alternately, the copper seed layer deposition, plasma 
treatment, and bulk deposition are accomplished in a single 
chamber that is capable of performing both chemical vapor 
deposition and plasma treatment and explained in greater 
detail below. Any moisture in the chamber may be removed, 
for example, by baking out the chamber prior to bulk 
deposition. Accordingly, the layer of copper is formed 
completely in situ. 

Figs. 2 (a) -2(d) illustrate the formation and treatment 
of a layer of copper in an integrated circuit in accordance 
with the present invention. Fig, 2(a) shows a via 116 that 
has been formed (i.e., etched) in a layer 111 of insulative 
material, such as silicon dioxide. The layer 111 of 
15 insulative material overlies a substrate 110 which is to be 
electrically coupled to other elements in the integrated 
circuit. The substrate 110 is to be coupled to the other 
elements by an interconnect structure that will be formed 
within the via 116 . 
20 The upper surface of the insulative layer 111 and the 

upper surface of the ' substrate 110 that is within the 
perimeter of the via 116 are overlain by a diffusion barrier 

112 , The diffusion barrier 112 is employed to inhibit the 
diffusion of interconnect structure metal into the substrate 

25 110, In one embodiment of the present invention, the 
interconnect structure metal is copper-, and the diffusion 
barrier is a refractory metal or refractory metal nitride. 
For example, the refractory metal nitride is preferably 
tantalum nitride, but may also be titanium nitride, 
tantalum, tungsten nitride or another suitable material that 
functions as a diffusion barrier between the metal (e.g., 
copper) and the substrate 110. 

Fig. 2(b) illustrates the deposition of a seed layer 

113 of copper which is to be employed in an interconnect 
structure. The seed layer of copper 113 is deposited on the 
upper surface of the diffusion barrier 112 using chemical 
vapor deposition. In one embodiment of the present 
invention, as shown in Fig. 2(b), the seed layer 113 of 



30 



35 
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copper is deposited to be discontinuous, i.e., there are 
gaps between deposition regions. In an alternate embodiment 
(not shown) the seed layer 113 of copper is deposited to be 
continuous with a thickness in a range of lOA to 3 00A. 
5 The chemical vapor deposition of the seed layer 113 is 

preferably achieved using the Cu(hfac)L precursor, with L 
being VTMS . Liquid Cu(hfac)L is vaporized and flowed into a 
deposition chamber containing the substrate 110 with 
diffusion barrier 112. Vaporization of the precursor can be 

10 accomplished by "bubbling" a carrier gas such as nitrogen, 
helium or hydrogen through the liquid precursor. 

Moisture (HjO) is added using an inert carrier gas, such 
as argon. The wafer is heated causing the precursor to 
react, as in equation 1 above, thereby depositing copper on 

15 the diffusion barrier 112. The seed layer 113 may be 
chemically deposited using other copper precursors such as 
Cu"^(hfac)2 with a hydrogen reducing agent. Broadly speaking, 
any form of copper deposition with moisture is considered to 
be within the scope of the invention. During deposition, 

20 excess moisture (HjO vapor) exists in the seed layer. 
Additionally, some of the HjO may break down into and O 

(oxygen) . The free O then combines with the seed layer to 
form copper oxide (CuO) . CuO increases the resistivity of 
the seed layer as well as reduces adhesion of a bulk copper 

2 5 layer formed thereupon. 

According to the first embodiment of the invention, 
after the seed layer of copper 113 is deposited, it is 
treated with heat in either a hydrogen or Argon atmosphere. 
This heat treatment anneals out the moisture (H2O vapor) in 

30 the seed layer. In addition, copper oxide (CuO) in the seed 
layer is reduced by reaction with the ambient hydrogen 
according to the following equation: 



35 



CuO + H2 > Cu + H2O (Eqn. 2) 



the HjO, in the form of water vapor, is exhausted from the 
chamber . 

According to the second embodiment of the invention. 
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after the seed layer of copper 113 is deposited, it is 
treated with a plasma 114, as shown in Fig. 2(c). In 
accordance with the present invention, the plasma 114 is 
formed by providing energy to one or more gases, i.e., a 
5 gaseous mixture, that includes an inert gas. Such inert 
gases include helium, argon, xenon and krypton. In one 
embodiment of the present invention, the gaseous mixture is 
composed of a mixture of argon, hydrogen and nitrogen. 

The gas mixture is transformed into a plasma by 

10 infusing it with energy from a RF signal . A frequency of 
13.56 MHz has been found to produce sufficient treatment 
results. Alternately, other frequencies include the range 
from approximately 3 50kHz for low power applications and up 
to approximately 2Gh2 for microwave applications. 

15 Once the seed layer of copper 113 is treated with heat 

or the plasma 114, a bulk deposition of copper is performed 
to form the final copper layer 115 having a desired 
thickness. As shown in Fig. 2(d), the newly deposited 
copper is deposited using chemical vapor deposition and 

20 merges with (grows upon) the seed layer of copper 113 to 
form the final layer ' of copper 115 . In a preferred 

embodiment of the invention, the bulk CVD of copper layer 
115 is achieved as described above with respect to Fig. 2(b) 
using the Cu(hfac)L precursor; however, no moisture is 

2 5 introduced and the bulk deposition is performed in a 
moisture free environment. Other moisture free bulk 

deposition processes may be used such as using Cu"^(hfac)3. 
with a hydrogen reducing agent. 

The bulk deposition of copper is accomplished until 

30 the final layer 115 of copper has a thickness in a range of 
lOOOA to 1 micron. Since the newly deposited copper is 
deposited on top of the seed layer 113, which has improved 
adhesion to the underlying diffusion barrier 112, the 
adhesion of the final layer of copper 115 to the diffusion 

35 barrier 112 is also improved. As a result of the improved 
adhesion, the copper is less likely to be undesirably peeled 
away from the diffusion barrier 112 during CMP polishing. 

In an alternate embodiment of the invention, substrate 
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110 could be a previously deposited layer of copper. Via 
116 is typically etched through the insulative layer 111 
with an Argon plasma. During this etching process, CuO can 
form on top of the copper substrate. Oxides such as CuO 
5 increase the resistivity and are therefore undesirable in a 
via fill application. Plasma treatment reduces CuO without 
copper sputtering onto and diffusing into the side walls of 
the via 116. In a preferred embodiment of the invention, a 
hydrogen/nitrogen plasma is used to treat the copper 
10 substrate, prior to the deposition of a titanium nitride 
barrier layer . 

Specific preferred embodiments of the method of the 
present invention will now be discussed. Two copper films 
were deposited on separate titanium nitride diffusion 

15 barriers. For each film, a 100-300A thick seed layer of 
moisture laden copper was deposited in a CVD chamber. 
Following deposition of the seed layer, the wafers were 
transferred to a separate treatment chamber for treatment. 
The wafers were then transferred back to the CVD chamber for 

20 bulk layer deposition. 

For the deposition of the seed layer. Argon was used as 
the carrier gas for moisture at a flow rate of approximately 
26sccm and hydrogen was introduced at a flow rate of 
approximately lOOsccm. Argon was also directed at the wafer 

25 backside and edge at a rates of approximately 200sccm and 
3 00sccm respectively. A Cupraselect precursor was admitted 
to the CVD chamber at a rate of approximately 0.35cc/min 
using helium as a carrier gas at a flow rate of 
approximately 200sccm. The spacing between the showerhead 

30 and the wafer (heater spacing) was approximately 400mils. 
The CVD chamber pressure was maintained at approximately 0 . 5 
torr for a deposition time of approximately 30sec, After 
deposition of the seed layer, one wafer was transferred to a 
treatment chamber and treated with heat and the other wafer 

3 5 was transferred to a treatment chamber and treated with an 
Argon/nitrogen/hydrogen plasma. 

For the plasma treated wafer, a "sel f -annealing" stage 
is first established. In this stage. Argon, nitrogen, and 
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hydrogen were admitted to the treatment chamber at flow 
rates of approximately SOOsccm, 250sccm, and 250sccm 
respectively. The heater spacing was maintained at 400mils. 
The treatment chamber pressure was established at 
5 approximately 1.5 torr and treatment chamber temperature 
established at approximately 450°C. The wafer "self- 
annealed" for approximately 48sec as the treatment chamber 
conditions stabilized prior to plasma treatment. After the 
self -annealing stage, plasma treatment conditions were 

10 established. Specifically, an RF signal was applied to the 
chamber at an approximate frequency of 13.5 6Mhz and an 
approximate power of 450W to form the plasma. The plasma 
treatment conditions were sustained for approximately 60sec. 

For the heat treated wafer, hydrogen was admitted to 

15 the treatment chamber at a flow rate of approximately 
lOOOsccm. The treatment chamber pressure was established at 
approximately S.Otorr and treatment chamber temperature 
established at approximately 450*=^C. The heater spacing was 
approximately 400mils. The heat treatment conditions were 

20 sustained for approximately 3 00sec. 

For both the plasma and heat treated wafers, bulk 
copper was deposited in the CVD chamber using hydrogen flow 
of approximately lOOsccm and a Cupraselect precursor flow 
rate of approximately 0.35 cc/min using helium as a carrier 

25 gas at a flow rate of approximately 200sccm. The argon 
carrier gas containing moisture was -omitted during the 
deposition of the bulk films. Argon was directed at the 
wafer backside and edge at a rates of approximately 2 00sccm 
and 3 00sccm respectively. The heater spacing was 

30 approximately 400mils. The CVD chamber pressure was 

established at about O.Storr and the deposition time was 
about ISOsec. 

As an example of an alternate embodiment of the 
invention, a copper film was treated with a 
35 hydrogen /nitrogen plasma to strip CuO from a copper coated 
wafer without affecting the underlying copper. The process 
was performed in a TxZ chamber manufactured by Applied 
Materials of Santa Clara, California. Specifically, 
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hydrogen and nitrogen were admitted to the CVD chamber at a 
flow rates of approximately . SOOsccm and lOOsccm 



350°C and the heater spacing was approximately 400mils . Low 
5 frequency (approximately 3 50kh2) RF energy was applied at a 
power of approximately 155W and the chamber pressure was 



sustained for approximately 300sec. This process left an 
interface of nearly pure copper upon which to deposit the 
10 next layer of the device, for example a barrier layer of 
titanium nitride or a bulk deposition of copper to fill the 
via . 

A variety of wafers were processed under various 
conditions including those of the above described method. 
15 Table 1 shown in Figure 5 depicts the results of five (5) 
representative wafers processed under different conditions. 

Wafers 2 and 3 (plasma treated only and heat treated only 
respectively) have the best combined characteristics of good 
adhesion, deposited layer thickness and low resistivity (1.7 
20 )j,f2-cm is the standard for bulk copper, seed layers are 

usually slighty higher) . Adhesion was measured by a 
qualitative "scotch tape" and scribe test. Adhesive tape 
was applied to the film and then peeled off. A score of 1 
indicated the film peeled off at the interface between the 

25 copper and the barrier. A score of 2 indicated the film 
peeled off at the interface between the barrier and the 
underlying oxide. A score of 3 indicated the film didn't 
peel with the tape, but peeled when scribed. A score of 4 
indicated none of the film peeled off with the tape or when 

30 scribed. An average score for four films is shown for each 
experiment . 

Fig. 3 illustrates a CVD system 120 that can be 
employed to form a layer of copper in accordance with the 
present invention. The chamber is a model WxZ chamber 
35 manufactured by Appliifed Materials, Inc. of Santa Clara, 
California, that has been modified to perform copper 
deposition in accordance with the invention. The system 120 
includes a process chamber 137 in which copper deposition is 



respectively . 



The chamber temperature was approximately 



approximately 2 , STorr . 



These treatment conditions were 
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performed. Included in the process chamber 137 are a wafer 
support 13 0 for supporting a wafer and a showerhead 129 for 
flowing process gases into the process chamber 137 . 

The process chamber 137 is defined by a set of walls 
5 131 that are electrically and thermally isolated from the 
wafer support 130 and showerhead 129 by isolators 132. For 
providing thermal energy, the wafer support 13 0 includes a 
resistive coil (not shown) that provides heat to the wafer. 
For providing the energy for forming a plasma, the 

10 showerhead 129 is coupled to a signal source 12 6 that 
provides signals having frequencies in a range of 100 kHz to 
20 MHz. Both the processing chamber walls 131 and the wafer 
support 13 0 are coupled to ground. 

A pressure control unit 135, e.g., a vacuum pump, is 

15 coupled to the process chamber 137 for setting the pressure 
in the process chamber 137. The pressure control unit 135 
also provides for purging reactant byproducts from the 
process chamber . 

In order to provide reactants to the process chamber 

20 137, the system 120 also includes a mixer block 127, 
vaporizer 128, gas panel 121, and liquid panel 122. The gas 
panel 121 provides carrier gases and reactants and is 
coupled to both the vaporizer 128 and the mixer block 127. 
The liquid panel 122 provides liquid reactants and is 

25 coupled to the vaporizer 128 . 

The vaporizer 128 provides for^ converting liquid 
reactants into gaseous reactants. When a liquid reactant is 
employed, the liquid panel 122 provides the liquid reactant 
to the vaporizer 128, and the vaporizer 128 vaporizes the 

30 liquid and uses an inert diluant gas such as helium, 
hydrogen, nitrogen or argon as a carrier gas. 
Alternatively, the vaporizer may produce a gaseous reactant 
through evaporation. When both gaseous and liquid reactants 
are employed, the gas panel 121 provides the vaporizer 128 

35 with the carrier gases and gaseous reactants, and the liquid 
panel 122 provides the vaporizer 128 with the liquid 
reactants . The vaporizer then provides for the combination 
and vaporization of these reactants. The mixer block 127 is 
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coupled to pass gaseous reactants from the gas panel 121 and 
vaporizer 128 to the showerhead 129. 

A wafer 14 0 containing an upper surface on which copper 
is to be deposited is placed in the process chamber 137 on 
5 wafer support 13 0. In one embodiment of the present 
invention, the upper surface of the wafer 140 is a diffusion 
barrier that is formed by a refractory metal-based material, 
such as titanium nitride, tantalum nitride, tungsten 
nitride, titanium, tungsten and the preferred Tantalum. If 

10 the entire deposition process is not carried out in-situ, 
(i.e., the wafer is transferred to another chamber such as a 
treatment chamber , not shown) said treatment chamber may be 
identical in construction to the CVD chamber 137. 
Specifically, for providing energy for forming a plasma, the 

15 showerhead 129 is coupled to a signal source 126 that 
provides signals having frequencies in a range of 100 kHz to 
20 MHz. Both the processing chamber walls 131 and the wafer 
support 130 are coupled to ground. During the plasma or 
heat treatment, the CVD chamber 137 would be pumped down to 

20 exhaust process by products and excess moisture from the 
chamber. The wafer would then be transferred back to the 
CVD chamber 13 7 from the treatment chamber. 

The above-described process steps (FIGS. 2(a) through 
2 (d) ) for forming a layer of copper can be performed in a 

25 system that is controlled by a processor based control unit. 
Fig. 4 shows a control unit 200 that- can be employed in 
such a capacity. The control unit includes a processor unit 
205, a memory 210, a mass storage device 220, an input 
control unit 270, and a display unit 250 which are all 

30 coupled to a control unit bus 225. 

The processor unit 205 is either a microprocessor or 
other engine that is capable of executing instructions 
stored in a memory. The memory 210 can be comprised of a 
hard disk drive, random access memory ("RAM"), read only 

35 memory ("ROM"), a combination of RAM and ROM, or another 
processor readable storage medium; The memory 210 contains 
instructions that the processor unit 205 executes to 
facilitate the performance of the above mentioned process 
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steps. The instructions in the memory 210 are in the forra 
of program code. The program code may conform to any one of 
a number of different programming languages. For example, 
the program code can be written in C+ , C++, BASIC, Pascal, 
5 or a number of other languages. 

The mass storage device 220 stores data and 
instructions and retrieves data and program code 
instructions from a processor readable storage medium, such 
as a magnetic disk or magnetic tape. For example, the mass 

10 storage device 220 can be a hard disk drive, floppy disk 
drive, tape drive, or optical disk drive. The mass storage 
device 220 stores and retrieves the instructions in response 
to directions that it receives from the processor unit 205. 
Data and program code instructions that are stored and 

15 retrieved by the mass storage device 22 0 are employed by the 
processor unit 205 for performing the above mentioned 
process steps. The data and program code instructions are 
first retrieved by the mass storage device 22 0 from a mediiom 
and then transferred to the memory 210 for use by the 

20 processor unit 205. 

The display unit 250 provides information to a chamber 
operator in the form of graphical displays and alphanumeric 
characters under control of the processor unit 205, The 
input control unit 270 couples a data input device, such as 

25 a keyboard, mouse, or light pen, to the control unit 200 to 
provide for the receipt of a chamber operator's inputs. 

The control \init bus 225 provides for the transfer of 
data and control signals between all of the devices that are 
coupled to the control unit bus 225. Although the control 

30 unit bus is displayed as a single bus that directly connects 
the devices in the control unit 200, the control unit bus 
225 can also be a collection of busses. For example, the 
display unit 250, input control unit 270 and mass storage 
device 22 0 can be coupled to an input-output peripheral bus, 

3 5 while the processor unit 205 and memory 210 are coupled to a 
local processor bus. The local processor bus and input- 
output peripheral bus are coupled together to form the 
control unit bus 225 . 
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The control unit 200 is coupled to the elements of one 
or more chambers, e.g., the CVD chamber 13 7 in Fig. 3 and a 
treatment chamber (not shown) , that are employed in forming 
a layer of copper in accordance with the present invention. 
5 Each of these elements is coupled to the control unit bus 
225 to facilitate communication between the control unit 200 
and the element. These elements include the following: the 
gas panel 121, the liquid panel 122, a heating element 23 0, 
such as the resistive coil (not shown) in the wafer support, 
10 the pressure control unit 13 5, the signal source 126, the 
vaporizer 128, and the mixer block 127. The control unit 
2 00 provides signals to the chamber elements that cause the 
elements to perform the operations described above for the 
process steps of forming a layer of copper. 
15 In operation, the processor unit 205 directs the 

operation of the chamber elements in response to the program 
code instructions that it retrieves from the memory 210. In 
response to these instructions, the chamber elements are 
directed to perform the process steps described above with 
20 reference to Fig. 1. 

Once a wafer is placed in the processing chamber, a 
seed layer of copper is deposited on the wafer in step 100 
(Fig. 1). In order to perform the deposition in step 100, 
the processor unit 205 executes instructions retrieved from 
25 the memory 210. The execution of these instructions results 
in the elements of the chamber being operated to deposit a 
layer of material on a substrate as described above with 
reference to Fig. 2(b). 

Once the seed layer of copper is deposited, 
30 instructions retrieved from the memory 210 instruct the 
processor unit 205 to cause the elements of the chamber 120 
to perform an energy treatment in step 101. The execution 
of these instructions results in the wafer 140 being 
transferred to a treatment chamber, i.e., a similar CVD 
35 chamber available for the treatment process, and the 
elements of the treatment chamber being operated to treat 
the deposited copper with a plasma as described above with 
reference to Fig. 2(c). 
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Once the plasma treatment is completed, instructions 
retrieved from the memory 210 instruct the processor unit 
205 to cause the elements of the chamber 120 to perform a 
bulk deposition of copper in step 102, The execution of 
5 these instructions results in the wafer 140 being 
transferred back to the chamber 120 from the treatment 
chamber and the elements of the chamber 12 0 being operated 
to perform a bulk deposition to treat the copper as 
described above with reference to Fig. 2 (d) . 

10 Although the present invention has been described in 

terms of specific exemplary embodiments, it will be 
appreciated that various modifications and alterations might 
be made by those skilled in the art without departing from 
the spirit and scope of the invention as specified by the 

15 following claims. 
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CLAIMS 

What is claimed is: 

1. A method of reducing the resistivity of copper 
deposited on a substrate in a substrate processing system 

5 comprising the steps of: 

(a) depositing copper containing moisture upon said 
substrate; and 

(b) treating the copper with energy to reduce the 
resistivity of the copper. 

0 

2 . The method of claim 1, wherein said energy in step (b) 
is in the form of heat . 



3. The method of claim 2, wherein said heat treatment step 
15 (b) further comprises establishing heat treatment conditions 

of admitting a hydrogen flow to a treatment chamber at a 
rate of approximately lOOOsccm, establishing a treatment 
chamber pressure at approximately S.Otorr, a treatment 
chamber temperature at approximately 450^C and a heater 
20 spacing of approximately 400mils and sustaining said heat 
treatment conditions for approximately 3 00sec. 

4. The method of claim 1, wherein said energy in step (b) 
is in the form of a plasma. 

25 

5. The method of claim 4, wherein said plasma treatment 
step (b) further comprises a "self -annealing" stage prior to 
the plasma treatment. 

30 6. The method of claim 5, wherein the "self -annealing" 
stage further comprises admitting an Argon/ nitrogen/ hydrogen 
flow to a treatment chamber at flow rates of approximately 
SOOsccm, 250sccm and 250sccm respectively, establishing a 
treatment chamber pressure of approximately 1.5 torr, a 

35 treatment chamber temperature of approximately 450°C and a 
heater spacing of approximately 400mils and sustaining 
the self -annealing stage for approximately 48 sec. 
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7. The method of claim 6, further comprising establishing 
plasma treatment conditions after the '*self -annealing" stage 
of applying an RF signal at an approximate frequency of 

5 13.56Mhz and an approximate power of 450W for approximately 
60sec. 

8. The method of claim 1, further including the step of: 
(c) depositing copper without moisture upon the copper 

10 deposited in said step (a) and treated in step (b) . 

9. The method claim 1, wherein the deposition step (a) is 
accomplished in a CVD chamber and the treatment step (b) is 
accomplished in a treatment chamber, 

15 

10. A method for forming a layer of copper over a layer of 
material on a wafer, said method comprising the steps of: 

(a) placing the wafer in a processing chamber; 

(b) chemical vapor depositing the copper with moisture 
2 0 on the layer of material; 

(c) transferring the wafer to a treatment chamber; and 

(d) treating the copper to reduce the resistivity. 

11. The method of claim 10, wherein said step (d) further 
25 comprises treating the wafer with heat. 

12. The method of claim 11, wherein said heat treatment 
step (d) further comprises establishing heat treatment 
conditions of admitting a hydrogen flow to the treatment 

30 chamber at a rate of approximately lOOOsccm, establishing a 
treatment chamber pressure at approximately S.Otorr, a 
treatment chamber temperature at approximately 4 50°C and a 
heater spacing of approximately 400mils and sustaining said 
conditions for approximately 300sec. 

35 

13. The method of claim 10, wherein said* step (c) further 
comprises forming a plasma, wherein the plasma includes ions 
that impact the copper. 
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14 . The method of claim 13 , wherein forming the plasma 
further comprises admitting an Argon/nitrogen/hydrogen flow 
to a treatment chamber at flow rates of approximately 

5 SOOsccm, 250sccm and 250sccm respectively, establishing a 
treatment chamber pressure of approximately 1.5 torr, a 
treatment chamber temperature of approximately 450*^C and a 
heater spacing of approximately 400mils for approximately 48 
sec. and subsequently applying an RF signal at an 
10 approximate frequency of 13.56Mh2 and an approximate power 
of 450W for approximately 60sec, 

15. The method of claim 10, further including the step of: 
(e) depositing copper on the copper deposited in said 

15 Step (b) , while the wafer is in a moisture free environment, 

16- In a semiconductor wafer processing system containing a 
chamber for performing chemical vapor deposition and a 
computer for controlling said chemical vapor deposition 
2 0 within said chamber, a computer readable medium containing a 
program that, when executed by said computer, causes said 
semiconductor wafer processing system to perform the 
following steps: 

depositing a copper seed layer with moisture upon a 
2 5 substrate; 

supplying a treatment gas to said chamber; 

providing energy to said copper seed layer . 

17. The computer readable medium of claim 16, further 
30 containing a program that, when executed by said computer, 

causes said semiconductor wafer processing system to perform 
the following additional step: 

depositing a layer of copper upon the copper seed 
layer . 

35 

18. A method for treating a layer of copper underneath an 
existing layer of material on a semiconductor wafer, 
processed in a semiconductor wafer processing system having 
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one or more chambers, the method comprising the steps of: 

(a) etching a via through said existing layer of 
material to expose a portion of a surface of said layer of 
copper ; and 

5 (b) treating said surface with energy in the presence 

of hydrogen to reduce a copper oxide on said exposed 
portion . 



19. The method of claim 18 wherein said energy is provided 
10 by a hydrogen /nitrogen plasma. 

20. The method of claim 19 wherein said plasma is provided 
by 

admitting a flow of hydrogen and a flow of nitrogen to 
15 one of the said one or more process chambers at rates of 
approximately SOOsccm and lOOsccm respectively; 

establishing a chamber temperature at approximately 
350^C; 

establishing a heater spacing at approximately 400mils; 
2 0 establishing a chamber pressure of approximately 

2 .5Torr; 

applying RF energy at a power of approximately 155W; 

and 

sustained said flows, temperature, heater spacing, 
25 pressure and RF energy for approximately 300sec. 

21. The method of claim 18 further comprising the step of 
(c) depositing material onto said existing flayer and 

said exposed portion. 

30 
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